
52 www.neurointervention.org

Original PaPer
Neurointervention 2021;16:52-58

https://doi.org/10.5469/neuroint.2020.00381   

pISSN  2093-9043
eISSN  2233-6273

Purpose: While previous studies have suggested that preoperative embolization of hypervas-
cular spinal metastases may alleviate intraoperative blood loss and improve resectability, trends 
and driving factors for choosing this approach have not been extensively explored. Therefore, 
we evaluated the trends and assessed the factors associated with preoperative embolization 
utilization for spinal metastatic tumors using a national inpatient database. 
Materials and Methods: The National Inpatient Sample database of the Healthcare Cost 
and Utilization Project was queried for patients undergoing surgical resection for spinal metas-
tasis between January 1, 2005 and December 31, 2017. Patients undergoing preoperative em-
bolization were identified; trends in the utilization of preoperative embolization were analyzed 
using the Cochran-Armitage test. Multivariable regression was conducted to assess factors 
associated with higher preoperative embolization utilization.
Results: A total of 11,508 patients with spinal metastasis were identified; 105 (0.91%) under-
went preoperative embolization. Of those 105 patients, 79 (75.24%) patients had a primary 
renal cancer, as compared to 1,732 (15.19%) of those who did not undergo preoperative embo-
lization (P<0.001). The majority of patients in the non-preoperative embolization cohort had a 
primary lung tumor (n=3,562, 31.24%). Additionally, patient comorbidities were similar among 
the 2 groups (P>0.05). Trends in preoperative embolization indicated an increase of 0.16% 
(standard error: 0.024%, P<0.001) in utilization per year.
Conclusion: Utilization of preoperative embolization for spinal metastasis is increasing yearly, 
especially for patients with renal cancer, suggesting that surgeons may increasingly consider 
embolization before surgical resection for hypervascular tumors. Additionally, the literature has 
shown the intraoperative and postoperative benefits of this procedure.  
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INTRODUCTION

Metastases to the spine may be due to primary tumors that 
are highly vascular, most commonly renal cell carcinoma.1 
While surgical resection is the mainstay for treatment of spi-
nal metastasis, complications, such as excessive hemorrhage, 
can arise from surgical treatment of hypervascular metasta-
ses. Since the first embolization of bony metastasis recorded 
in the literature by Djindjian et al.2 in 1973, preoperative 
embolization (PE) has become an established adjunct to im-
prove outcomes and safety after resection of spinal metasta-
ses.3,4 In a randomized controlled trial conducted by Clausen 
et al.4, adjunct preoperative embolization of hypervascular 
spinal metastases resulted in decreased intraoperative blood 
loss from 645 mL to 902 mL during surgical resection. How-
ever, local practices in the utilization of preoperative embo-
lization are quite variable, and overall trends of its usage in 
practice have not been assessed. Herein, we performed a 
trends analysis of preoperative embolization for spinal meta-
static tumors using a national inpatient database. 

MATERIALS AND METHODS

Data source
The National Inpatient Sample (NIS) database of the Health-
care Cost and Utilization Project was queried for patients 
between January 1, 2005 and December 31, 2017. Every year, 
the NIS samples upwards of 5 million hospitalized patients, 
roughly 20% of all discharges annually. Largely developed for 
healthcare cost and utilization, the NIS is the largest public 
national database that represents all payers and is endorsed 
by the Agency for Healthcare Research and Quality.5 No Insti-
tutional Review Board approval was required as the data was 
de-identified and collected from a national database. 

Cohort selection
Adults diagnosed with metastasis to the central nervous 
system, meninges, or bone between 2012 and 2017 were 
identified using International Classification of Diseases (ICD) 
9th and 10th revision codes. Those with additional ICD-
9 and ICD-10 procedure codes for spinal procedures were 
identified as patients with spinal metastasis; this method was 
previously demonstrated by Malik et al.6, Kelly et al.7, and Patil 
et al.8. Additionally, primary lung, breast, prostate, renal, liver, 
and colorectal tumors were identified using corresponding 

ICD-9 and ICD-10 diagnosis codes. Patients with unknown or 
multiple primary tumors were excluded from the cohort. 

Total embolization of vessels was identified using ICD-9 
and ICD-10 procedure codes. These codes were previously 
used in Brandel et al.9, and Sideman and Zwolak10. Codes 
used in this study can be seen in Supplementary Tables 1 and 2.

Outcomes and variables of interest
To identify preoperative embolization cases, the variable “PR-
DAYn” was used to identify the day embolization was done 
after admission. This variable identifies the day in which a 
“PRn” (variable containing ICD procedure code) was done. 
Any patient with a PRDAY for embolization exceeding the 
day for the spinal procedure was identified with a postoper-
ative embolization and was excluded from this study. 

Discharge weights were used in this analysis to derive 
national estimates. These discharge weights are based on 
randomly selecting 20% of annual discharges. Selected dis-
charges are then stratified by hospital characteristics. The 
weight is then derived by dividing the total number of dis-
charges in that stratum by the number of discharges in that 
same stratum recorded in NIS.11

Statistical methods
Statistical analysis was performed using STATA 15 (Stata-Corp 
2017, STATA Statistical Software: Release 15; StataCorp LP, 
College Station, TX, USA). P-values <0.05 were considered 
statistically significant. Continuous variables were present-
ed as mean and standard deviation (SD), while categorical 
variables were presented as numbers and their correspond-
ing percentages. The Student t-test was used to compare 
continuous variables between those who underwent pre-
operative embolization and those with surgery alone. Chi-
square analysis was used to compare categorical variables 
between the 2 groups. Continuous variables were compared 
using a 2-sample t-test. STATA package “ptrend” was used 
to assess slope and significance in the rate of preoperative 
embolization between 2012–2017; “ptrend” conducts a Co-
chran-Armitage test for the trend of proportions over time.12 
Additionally, a trend subanalysis of primary renal tumors was 
conducted. Multivariable regression analysis was conducted 
to compare the patient profiles between the 2 groups; those 
results were represented by odds ratios (ORs) with 95% con-
fidence intervals (CIs). Descriptive results were displayed as 
mean±SD or number (%) depending on the type of variable, 
continuous or categorical, respectively.
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Table 1. Patient characteristics

Variable
Non preop-

embolization 
(n=11,403)

Preop-
embolization

(n=105)
P-value

Length of stay 10.3±8.64 13.2±11.5 <0.001

Age in years at 
admission

62.5±11.4 60.3±10.6 0.0495

Died during 
hospitalization

343 (3.01) <11 0.927

Female 4,921 (43.19) 31 (29.52) 0.005

Race 0.052

White 7,337 (69.3) 70 (68.0)

Black 1,352 (12.8) <11

Hispanic 800 (7.55) <11

Other (Asian, Pacific 
Islander, Native 
American, Other/
Combined Race)

1,105 (10.4) 18 (17.5)

Primary tumors

Colorectal 699 (6.13) <11 0.163

Renal 1,732 (15.19) 79 (75.24) <0.001

Liver 352 (3.09) <11 0.67

Breast 2,673 (23.44) <11 <0.001

Prostate 2,385 (20.92) <11 <0.001

Lung 3,562 (31.24) <11 <0.001

Elixhauser mortality 
index score

4.00±1.83 4.22±1.79 0.230

Elixhauser 
comorbidities

AIDS/HIV 28 (0.25) 0 (0.00) 0.611

Alcohol abuse 335 (2.94) <11 0.229

Deficiency anemia 246 (2.16) <11 0.248

Rheumatoid arthritis/
Collagen vascular

180 (1.58) <11 0.790

Blood loss anemia 139 (1.22) <11 0.804

Congestive heart 
failure

539 (4.73) <11 0.635

Chronic pulmonary 
disease

2,152 (18.87) 15 (14.29) 0.231

Coagulopathy 920 (8.07) 12 (11.43) 0.209

Depression 1,255 (11.01) <11 0.157

Diabetes, 
uncomplicated

1,504 (13.19) 16 (15.24) 0.537

Diabetes, 
complicated

343 (3.01) <11 0.633

Drug abuse 383 (3.36) <11 0.410

Hypertension, 
complicated

715 (6.27) <11 0.172

Variable
Non preop-

embolization 
(n=11,403)

Preop-
embolization

(n=105)
P-value

Hypothyroidism 1,007 (8.83) <11 0.436

Liver disease 371 (3.25) <11 0.749

Fluid and electrolyte 
disorders

2,977 (26.11) 32 (30.48) 0.311

Other neurological 
disorders

558 (4.89) <11 0.199

Obesity 842 (7.38) <11 0.643

Paralysis 2,140 (18.77) 15 (14.29) 0.241

Peripheral vascular 
disorders

360 (3.16) <11 0.464

Psychoses 93 (0.82) <11 0.022

Pulmonary circulation 
disorders

353 (3.10) <11 0.328

Renal failure 725 (6.36) 13 (12.38) 0.012

Peptic ulcer disease 
excluding bleeding

60 (0.53) 0 (0.00) 0.456

Valvular disease 265 (2.32) <11 0.776

Weight loss 1,067 (9.36) 15 (14.29) 0.085

Median household 
income by quartile

0.137

1 2,671 (24.00) 16 (15.53)

2 2,700 (24.26) 24 (23.30)

3 2,831 (25.43) 34 (33.01)

4 2,929 (26.31) 29 (28.16)

Missing 272 2

Discharge disposition 0.229

Routine 3,605 (32.63) 39 (38.24)

Non-Routine 7,444 (67.37) 63 (61.76)

Short-term hospital 226 <11

Another type of 
facility

5,004 44

Home health care 2,197 14

Against medical 
advice

17 0

Complications

Hemorrhage 273 (2.39) <11 0.116

Deep vein thrombosis 440 (3.86) <11 0.633

Pulmonary embolism 266 (2.33) <11 0.320

Neurologic 
complications

128 (1.12) 0 (0.00) 0.275

Values are presented as mean±standard deviation or number (%).
Reporting cell sizes <11 increases the risk of violating the Health 
Insurance Portability and Accountability Act, as specified in the 
HCUP's Data Use Agreement.

Table 1. Continued
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RESULTS

Patient characteristics
A total of 11,508 patients with spinal metastasis were iden-
tified; 105 (0.91%) underwent preoperative embolization. 
Of these 105 patients, 79 (75.24%) patients had a primary 
renal cancer, as compared to 1,732 (15.19%) of those who 
did not undergo preoperative embolization (P<0.001). The 
majority of patients in the non-PE cohort had a primary lung 
tumor (n=3,562, 31.24%). The average age between preop-
erative embolization and non-PE groups was 60.3±10.6 and 
62.5±11.4, respectively. Additional demographic character-
istics can be seen in Table 1. A bar graph of the distribution 
of primary tumors in the preoperative embolization group 
representing national estimates can be seen in Fig. 1.

Multivariable regression analysis
Patients with primary renal tumors were more likely to 
undergo preoperative embolization compared to primary 
colorectal (OR: 0.08; 95% CI: 0.04–0.18; P<0.001), liver (OR: 0.08; 
95% CI: 0.03–0.26; P<0.001), breast (OR: 0.19; 95% CI: 0.07–0.53; 
P=0.002), prostate (OR: 0.04; 95% CI: 0.02–0.10; P<0.001), and 
lung tumors (OR: 0.02; 95% CI: 0.004–0.072; P<0.001). Twen-
ty-nine out of the 31 Elixhauser comorbidities were found 
to be similar between the 2 groups; patients with psychoses 
(OR: 4.45; 95% CI: 1.23–16.1; P=0.023) or cardiac arrhythmia (OR: 
1.80; 95% CI: 1.09–2.96; P=0.022) were more likely to undergo 
preoperative embolization. Those with renal failure (OR: 0.79; 
95% CI: 0.42–1.51; P=0.482) were found to be similar between 
the 2 groups. Admission in more recent years in our cohort 
had higher odds of undergoing preoperative embolization 
(OR: 1.26; 95% CI: 1.18–1.36; P<0.001). Patients who identify as 

Table 2. Characteristics that are associated with patients undergoing preoperative embolization

Odds ratio P-value Lower 95% CI Upper 95% CI

Age 0.985 0.11 0.967 1.003

Sex, female 0.801 0.383 0.487 1.318

Year 1.263 <0.001 1.175 1.358

Race

White Base

Black 0.961 0.925 0.423 2.184

Hispanic 1.100 0.807 0.512 2.363

Other 1.966 0.016 1.136 3.403

Primary tumor

Renal Base

Colorectal 0.079 <0.001 0.035 0.175

Liver 0.079 <0.001 0.025 0.256

Breast 0.187 0.002 0.066 0.527

Prostate 0.043 <0.001 0.020 0.095

Lung 0.017 <0.001 0.004 0.072

Median household income quartile 

0–25th percentile Base

26–50th percentile 1.300 0.431 0.677 2.497

51st–75th percentile 1.727 0.085 0.927 3.217

76th–100th percentile 1.546 0.184 0.813 2.941

Elixhauser comorbidities

Psychoses 4.448 0.023 1.231 16.074

Cardiac arrhythmias 1.795 0.022 1.089 2.959

Renal failure 0.794 0.482 0.418 1.510

CI, confidence interval.
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Black or Hispanic had similar odds of undergoing preoper-
ative embolization to those who identify as White (OR: 0.96; 
95% CI: 0.42–2.18; P=0.925; OR: 1.10; 95% CI: 0.51–2.36; P=0.807, 
respectively). Those who identify as Asian, Pacific Islander, 
Native American, or Other/Combined Race were more like-
ly to undergo preoperative embolization (OR: 1.97; 95% CI: 
1.14–3.40; P=0.016). Additional results from the regression can 
be seen in Table 2.

PE trends analysis
The Cochran-Armitage test indicated an average increase in 
utilization of 0.16% (standard error: 0.024%) per year (P<0.001). 
In 2005, utilization was 0.3%, compared to 2.3% in 2017. Sub-
analysis for trends of preoperative embolization for primary 
renal tumors indicated an average increase in utilization of 
0.83% (standard error: 0.13%) per year (P<0.001). A line graph 

representing these trends using discharge weights to derive 
national estimates is shown in Fig. 2.

DISCUSSION

In an analysis of hospitalizations from the National Inpatient 
Sample, we observed an upward trend in utilization of pre-
operative embolization for spine tumors on a yearly basis 
between 2005 and 2017, with an average increase of 0.16% 
per year (P<0.001). This is also shown in the multivariable re-
gression analysis, indicating that admissions in more recent 
years were more likely to undergo preoperative embolization 
(P<0.001). As expected, the most common primary cancer 
in patients undergoing preoperative embolization was renal 
cell cancer; and when only patients with renal cell primary 
cancer were considered, we found an average increase of 
0.83%/year in the utilization of preoperative embolization. 
Additionally, patients who had cardiac arrhythmia (OR: 1.80; 
P=0.022) or psychoses (OR: 4.45; P=0.023) were more likely to 
undergo preoperative embolization. Patients who identify as 
Black or Hispanic had similar odds of undergoing preopera-
tive embolization compared to those who identify as white 
(OR: 0.96; OR: 1.10, respectively). Those who identify as Other 
had higher odds of undergoing preoperative embolization 
compared to those who identify as White (OR: 1.97; 95% CI: 
1.14–3.40; P=0.016). This may be attributable to the discrep-
ancy in the sample sizes (17.5% in the preoperative emboli-
zation group vs. 10.4% in the non-preoperative embolization 
group). Fig. 1. Distribution of primary tumors for preoperative embolization.

Pe
rc

en
t

80

60

40

20

0

Note: Discharge weights were used to produce national estimates

74.9

8.58 7.98
3.75 2.85 1.91

Renal Breast Lung Liver Colorectal Prostate

U
til

iz
at

io
n 

(%
)

15

10

5

0

 All spinal metastases           Primary renal tumors

Note: Discharge weights were used to create national estimates

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Calendar year

Fig. 2. Utilization of preoperative embolization by year.



https://doi.org/10.5469/neuroint.2020.00381

Wahood W et al. Preoperative Embolization for Spinal Metastases

57

In a meta-analysis of 6 studies, Luksanapruksa et al.3 re-
ported a significant reduction of intraoperative blood loss 
in patients undergoing preoperative embolization when 
compared to patients undergoing surgical resection of spi-
nal metastases without preoperative embolization. With a 
“leave-one-out” analysis (the study with the smallest sample 
size), the mean difference in intraoperative blood loss was 
1,226 mL less for the preoperative embolization group. The 
complication rate for preoperative embolization was ac-
ceptably low, and only 1 of the 6 studies considered in the 
aforementioned metanalysis reported complications related 
to embolization (3 minor: atrial fibrillation in 2 patients and 
a pleural exudate in another; and 1 major: common femoral 
artery thrombosis).3 

While early reports on preoperative embolization of spinal 
metastases date around 1993, the majority were published 
after 2010.3,13,14 This trend in the literature parallels the trend 
identified in our study of increased utilization of preopera-
tive embolization for spinal metastases. Several factors are 
responsible for this observation. The primary driver was 
increased awareness of this treatment option, instead of sur-
gical resection previously. Second, technological advances 
in endovascular techniques, such as novel embolic agents, 
microcatheters, and more refined imaging, have made pre-
operative embolization a safer and more effective procedure 
over the years.15  Additionally a deeper understanding of 
variant spinal vascular anatomy and anatomical contraindi-
cations, such as adjacent radiculomedullary arteries, have 
decreased the likelihood of complications.15 

There were limitations to this study. Regarding data collec-
tion, the NIS only contains hospitalizations, so preoperative 
embolizations performed in the outpatient setting were not 
included. However, since the database is nationally repre-
sentative and discharges were weighted, it is suitable for the 
evaluation of trends of inpatient procedures. Second, since 
no ICD codes for spinal metastases exist, we used previously 
published studies’ methods of isolating and analyzing the 
same population and screened these codes carefully.6-8 
Third, we included years 2005–2017, which requires the use 
of both ICD-9 and ICD-10 codes. Fourth, intraoperative blood 
loss, a possible indicator of the efficacy of the preoperative 
embolization was unable to be measured in our analyses 
due to lack of coding for this metric. Nevertheless, our study 
shows trends in the increased use of preoperative emboli-
zation for spinal metastases, especially in patients with renal 
cell primary cancer.

CONCLUSION

Utilization of preoperative embolization for spinal metastasis 
is increasing yearly, especially for patients with primary renal 
cancer, suggesting that surgeons are increasingly embracing 
embolization prior to surgical resection for hypervascular tu-
mors. Pre-operative embolization has a negligible role in the 
majority of less vascular metastases.   
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